From what viruses the human immunodeficiency viruses (HIVs) originated is an extremely controversial question. To address this question, we have analyzed nucleotide sequences ofsimian immunodeficiency viruses (SIVs) and HIVs
AIDS, which was discovered only about 10 yr ago, has now spread over almost the entire world. Human immunodeficiency viruses type 1 and 2 (HIV-1 and -2) are the etiological agents of AIDS in humans. Although simian immunodeficiency viruses (SIVs) have been found to infect both Asian and African Old World monkeys, there have been no reports of natural infection of SIV isolated from rhesus macaques (Macaca mulatta) (SIVmac) or from sooty mangabeys (Cercocebus atys) (SIVsm) (1) . Studies of these viruses at the molecular level have been extensive, and the nucleotide sequence data of viral genes are rapidly accumulating. Using these sequence data, several authors have studied evolutionary relationships of these viruses (2) (3) (4) (5) (6) . However, their results could not give any definite answer to the question of the origin of HIVs. To elucidate this subject, we have examined the phylogenetic relationships between primate lentiviruses in detail. We compared the nucleotide sequences of each gene region [3' long terminal repeat (LTR), gag, pol, env, and nef1 between a given pair of viruses. We then estimated the total number of nucleotide substitutions for each pair of isolates compared by the 6-parameter method (7) . Using this number, we constructed a phylogenetic tree by the neighbor-joining method (8), which does not require the assumption of a constant substitution rate. We also constructed phylogenetic trees by the method ofunweighted pair grouping (9) , using the numbers of synonymous and nonsynonymous substitutions as well as the numbers of nucleotide substitutions at each position of a codon separately (data not shown).
Fig. lA shows a phylogenetic tree for the 3' LTR, constructed by the neighbor-joining method (8) by use of the number of nucleotide substitutions. The tree shows that the HIV-1 group, the HIV-2 group, SIV isolated from African green monkeys (Cercopithecus aethiops) (SIVag,) and SIV isolated from mandrills (Papio sphinx) (SIVmnd) all diverged from one ancestor at almost the same time, although SIVsm and SIVmac are definitely in the HIV-2 group. These conclusions are supported by the phylogenetic trees for all other genes we examined ( Fig. 1 B-E (Fig. 1C) , although the branching point between these SIVs and other members of the HIV-1 group is very near the branching point between the HIV-1 and -2 groups. For env, the tree topology suggests that SIVmnd and SIVa are related to the HIV-2 group (Fig. 1D) . In the tree for the nef region, SIV, is related to the HIV-1 group, although SIVmnd is located at the outside of all other clusters (Fig. 1E) (13, 19) , WMJ1 (19, 20) (Haiti); MAL, ELI (11), Z321 (21), Z6 (22) , Z2 (noted during a search of the data base of GenBank (release 60.0), June, 1989, Z84 (23) (Zaire); CDC451 (24) , BRVA (25) (unknown); ROD (26) (Cape Verde); NIH-Z (27) (Guinea Bissau); SBLISY (28) (Gambia); GH-1 (29) (Ghana); mac(K2) (30) ; mac(K6W) (31); mac(142) (32); sm(H-4) (5); agm(TYO-1) (33) ; and mnd(GB-1) (4). No., number.
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Proc. Natl. Acad. Sci. USA 87 (1990) supported by the phylogenetic trees that were constructed by the method of unweighted pair grouping (data not shown).
It is, therefore, possible that HIV-1 and -2 emerged from recombinational events between ancestral simian viruses. If this is the case, the recombination must have occurred several centuries ago, because the divergence time between SIVagm and HIV is almost the same as the divergence time between the HIV-1 and -2 groups; this divergence time has been estimated to be >150 yr (2, 37) . Because such results might arise from statistical fluctuations, however, we cannot exclude the possibility that SIVagm and SIVmnd, respectively, represent the third and fourth groups of primate lentiviruses, in addition to the HIV-1 and -2 groups.
To clarify relationships between HIV and other lentiviruses and to identify the root of the phylogenetic trees for HIV and SIV, we constructed a phylogenetic tree for one spumavirus, oncoviruses, and lentiviruses, including HIV (8) .
From the phylogenetic tree ( Fig. 2 SIVa, were an ancestral virus of HIV and SIV. We also confirmed that HIV and SIV are phylogenetically similar to equine infectious anemia virus and ovine Visna lentivirus, and that all of these viruses form a -group as a lentivirus subfamily (48) . Retroviruses are roughly separated into three groups, but some of the oncoviruses clustered together with the lentiviruses and spumavirus on a phylogenetic tree. This grouping suggests that recombination has taken place among the different subfamilies of retroviruses (49, 50 
